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Presented by
Brett Parker, BNL-SMD

eRHIC Working Group Meeting,
February 3, 2005 at BNL.

• Serpentine Coil Winding Technique
– Custom Compact Designs for IR Magnets

• Detector Integrated Dipole (DID)*
– Impr oved Beam Separat ion Schemes

**PPlleeaassee nnoottee tthhaatt mmaannyy ooff tthhee DDIIDD vviieewwggrraapphhss aarree ttaakkeenn ddiirreeccttllyy ffrroomm aa ttaallkk
ggiivveenn bbyy AAnnddrreeii SSeerryyii ttoo tthhee IIRRLLCC TThheeoorryy CClluubb oonn 1199 NNoovveemmbbeerr 22000055 aatt SSLLAACC..
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Issues Stemming From Standard Coil
Winding Technique (i.e. HERA-II Lessons).

BEPC-II cold mass is much more complicated than HERA-II. So had
to look for ways to improve coil structure. Initially we tried simple
extension to double-layer coils, but discovered significant issues....

The re turn lead is
trapped inside the coil
winding near the pole.

For a short coil the change of straight section length with turn number makes
it very hard to achieve good harmonic quality (“...ends are important”).

Schematic HERA-II Style Coil Winding

“Planar Pattern”
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Deliberately Provocative observation:

Imagine that every turn takes the same shape
in its path in space independent of angle.

Then each turn gets the same longitudinal
integral weighting with the consequence
that the integral harmonics are the same as
that given by the 2D cross section!
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Start winding here (extra for lead)

Make layer transition here

Wind next layer in opposite direction

Finish with lead coming out and then
lay in lead from the previous layer

Unlike a planar pattern, a Serpentine winding keeps going around support tube (360°=0°)

EEnnttiirree ppaatttteerrnn ffoorr oonnee llaayyeerr ccaann bbee ppuutt ddoowwnn aatt oonnee ttiimmee aanndd ppoolleess aarree ooppeenn ttoo eennddss..

The BNL Serpentine Scheme for Direct
Winding Superconducting Magnets.
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SSttaarrtt BBEEPPCC--IIII SSuuppeerrccoonndduuccttiinngg IIRR MMaaggnneett
PPrroodduuccttiioonn:: FFiirrsstt SSCCQQ CCooiill PPaatttteerrnn..

See http://www.bnl.gov/magnets/BEPCII/Overview.asp & http://www.bnl.gov/magnets/Staff/Parker/serpentine_review.pdf.
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First Pattern Wound for JPARC Combined
Function & Skew-Dipole Corrector Magnets.
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Have 31 mm
(coil to coil)

20 mr x 3.8 m for
76 mm separation

X (mm)

Y
(m

m
)

Compact Superconducting Coils for the
ILC Final Focus at 20 mr X-ing Angle.

At 1.9°K plan to go from
10 to 6 layers for main coil.

Use trick to get leads out from poles with overlapping dipole, skew
dipole and skew quadrupole winding for both magnets.

MMaaiinn QQDD00
@@ 114444 TT//mm

FFiirrsstt EExxttrraaccttiioonn LLiinnee
QQuuaadd @@ 4400 TT//mm

Fringe fields are compensated.

See http://www-conf.slac.stanford.edu/mdi/talks/CrossingAngle/ParkerCompactSCQ.pdf for more information.
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Can we wind 6-around-1 cable
with such a small bend radius?

Idea was to try
“semi-automatic”
w i n d i n g w i t h a
mechanical assist
for the first turn.

By the third corner John Escallier had
found process parameters that worked
for automatic winding of the rest of
the coil (two layers were wound).
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Conceptual Study for Cooling an
ILC Compact FF Magnet at 1.9°K.*

*K. C. Wu, BNL/SMD

It is possible keep the IP end small since superfluid helium can
conduct heat away even through a small (but non-zero!) annular
space. Then further out from IP we arrange to heat exchange
between pressurized helium and a reduced pressure helium bath.

Note: 5°K Heat Shield and Control Valves.
• Trade off space for coils for space for supports and heat

shield. Hopefully yields overall better design.
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Compensated External Field for Various Lines from IP

25 mr x-ing angle

Here I have taken L*=3.8 m and GQDO=144 T/m

Compensator has dipole, quad & sextupole coils.

Designs can use tapered coils.

Fringe Field Compensator Design that
Uses Tapered Magnet Coil Patterns.

See http://www-project.slac.stanford.edu/lc/bdir/Meetings/beamdelivery/2005-01-25/index.htm for details.
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A New Option to Have an “Invisible”
Dipole Inside Experiment, the DID.
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An ear ly, very crude,
h o r i z o n t a l l y b e n d i n g
version of a DID was first
suggested at the 2002 EIC
Workshop. This was later
taken up by Andrei Seryi
and myself with vertical
bending to do “local orbit
compensat ion” for the
detector solenoid kicks
that come from having a
crossing angle at the ILC.

See URL: http://www.bnl.gov/magnets/Staff/Parker/TalkEIC2002/FullTalkEIC.pdf

First Public Presentation of a Crude
DID Concept at EIC 2002 Workshop.
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Issues Arising From Colliding Beams
With a Crossing Angle in a Solenoid.

Plan View

Elevation View

Elevation View

“Optimization of Linear Collider Interaction Region: Weak Antisolenoids & Detector Integrated Dipole,” A. Seryi, Theory Club Talk, SLAC, November, 2004.
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Plan View

Elevation View

Elevation View

Using DID for Local Orbit Compensation
Inside the Experimental Detector.

“Optimization of Linear Collider Interaction Region: Weak Antisolenoids & Detector Integrated Dipole,” A. Seryi, Theory Club Talk, SLAC, November, 2004.
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Limited Synrad Effects by “Pointing”
Solenoid Field Lines to Incoming Beams.

X

Y

Z

33DD MMooddeell wwiitthh SSoolleennooiidd
CCooiill RReemmoovveedd ffoorr CCllaarriittyy

For a weak enough field, not much penalty
(magnetic stored energy) in filling detector with
dipole field. So integrate dipole coil within
detector solenoid cold mass.

Lo ca l c o r r e c t i o n
inside detector done
without adding extra
material near the IP.

IInn eeffffeecctt ccaann aalliiggnn iinnccoommiinngg bbeeaammss wwiitthh
ssoolleennooiiddaall ffiieelldd ttoo rreedduuccee ssyynnrraadd aanndd pprreesseerrvvee
ppoollaarriizzaattiioonn,, wwhheetthheerr ccoolllliiddiinngg ee–ee+ oorr ee–ee–,,
aanndd iinnddeeppeennddeenntt ooff tthhee iinncciiddeenntt eenneerrggyy..

DID



16

In the PEP-II design report, bunch separation at parasitic crossings is ~12 sigma,
and LER SR losses (for 2.1A beam) are 3kW/side from QD1 and 6kW/side from
B1, i.e. total 18kW, or 8.6 kW / Ampere

First Thoughts on Using a DID for a
Luminosity Upgrade of PEP-II at SLAC.

“Optimization of Linear Collider Interaction Region: Weak Antisolenoids & Detector Integrated Dipole,” A. Seryi, Theory Club Talk, SLAC, November, 2004.
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What Style DID Should We Use,
i.e. Symmetric or Anti-Symmetric?

Procedure: Use a
DID plus right &
left quadrupole
offsets in order
to maintain the
present PEP-II
IR geometry.

“Optimization of Linear Collider Interaction Region: Weak Antisolenoids & Detector Integrated Dipole,” A. Seryi, Theory Club Talk, SLAC, November, 2004.
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What Style DID Should We Use,
i.e. Symmetric or Anti-Symmetric?

Procedure: Use a
DID plus right &
left quadrupole
offsets but don’t
center the DID.

“Optimization of Linear Collider Interaction Region: Weak Antisolenoids & Detector Integrated Dipole,” A. Seryi, Theory Club Talk, SLAC, November, 2004.
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Some Very Preliminary Observations
Regarding DID and a PEP-II Upgrade.

“Optimization of Linear Collider Interaction Region: Weak Antisolenoids & Detector Integrated Dipole,” A. Seryi, Theory Club Talk, SLAC, November, 2004.
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Using a Combination of Symmetric &
Asymmetric DIDs Instead of Shifting?

ZIP

BY

Combine symmetric
and anti-symmetric
fields (normal modes).

“Optimization of Linear Collider Interaction Region: Weak Antisolenoids & Detector Integrated Dipole,” A. Seryi, Theory Club Talk, SLAC, November, 2004.
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